Abstract A study of neurological diseases in farmed deer, with emphasis on chronic wasting disease, was conducted during 2 years in Switzerland. Deer breeders were asked to submit the heads of all deer at least 2 years of age, found dead or slaughtered, for examination. A complete histological examination of the brain and immunohistochemical detection of the prion protein on selected regions of the brain and lymphoid tissues were performed on 120 apparently healthy and 40 diseased animals. In a number of cases, a full necropsy was performed. Significant inflammatory and/or degenerative changes were seen in 25% of the brains. No evidence for a transmissible spongiform encephalopathy was established.
Introduction
Chronic wasting disease (CWD) is a transmissible spongiform encephalopathy (TSE) of captive and free-ranging cervids characterised by an accumulation of protease-resistant prion protein (PrP Loss of body condition and changes in behaviour are the most striking clinical signs. The minimum incubation period is suggested to be 16 to 17 months . CWD was first identified in research facilities in Colorado and Wyoming in 1967 and has been present in free-ranging cervids in these states for more than 20 years. Disease spreading among farmed deer has been attributed to commercial movements of infected but clinically healthy animals (Williams and Miller 2003) . Sohn et al. (2002) reported the first case of CWD in Korea in an animal imported from a Canadian farm. So far, CWD has never been recognised in Europe, and targeted investigation in Belgium and Germany did not show any positive cases (Roels et al. 2005; De Bosschere et al. 2006; Schettler et al. 2006) . However, as scrapie and bovine spongiform encephalopathy are present on the European continent and considering that a recent study demonstrated the potential transmission of scrapie to elk under experimental conditions (Hamir et al. 2004) , the occurrence of CWD in European deer cannot be excluded.
The TSE status of captive deer in Switzerland, as well as the range of other neurological diseases, has never been investigated so far. Therefore, the aim of this study was to examine the Swissfarmed deer population for the presence of neurological diseases, with a special focus on TSE.
animals found dead or shot for sanitary reasons (diseased animals) and heads of slaughtered healthy deer. Because of the long incubation time of CWD , only animals older than 18 months were considered for this study. Participation was on voluntary basis, and the study was anonymous. Transport and examinations were at no cost for the farmers. All deer farmers were asked to shoot animals on the neck to allow for a thorough examination of the brain (as authorised by the Swiss Federal Veterinary Office, Tierversuchsbewilligung No. 53/03). Whenever possible, perished animals were submitted to a full necropsy (Sieber 2006) . The heads of slaughtered deer were either collected directly on the farm or received by post. Age, body condition, weight and reason for killing were recorded.
For each animal, the better preserved half of the sagitally cut brain, one palatine tonsil and the parotid, mandibular and lateral retropharyngeal lymph nodes were placed in 10% buffered formalin. The other half of the brain was kept frozen at 20°C for potential further analyses. Multiple representative areas of the brain were sampled: basal nuclei, thalamus, hippocampus, midbrain, neocortex (fronto-temporal and parieto-occipital), cerebellum with pons and medulla oblongata at the level of the obex.
Animals
One hundred and sixty heads were collected. Because the number of Swissfarmed deer greater than or equal to 18 months old is estimated at 5,200 (Sieber 2006) , this sample size corresponds to 3.1% of the target population. The heads originated from 63 (14.6%) of the 432 registered deer farms and zoological gardens located in 17 of the 26 Swiss cantons. Between 1 and 14 heads (mean 2.4±2.3) were sent from a single farm. To preserve the anonymity of the deer farmers, the cantons were grouped in six Swiss regions. The participation of deer farmers varied from 8 to 20% depending on the region (Fig. 1) .
Of the 160 brains examined in this study, 40 were from diseased animals and 120 from healthy slaughtered deer. The age ranged between 2 and 17.5 years (mean=6 years for diseased animals and 10 years for slaughtered deer). Females represented 72% (n=28) of the diseased and 88% of the slaughtered animals. A complete necropsy could be performed on 28 diseased deer. Most of the investigated animals (82.5%, n=132) were fallow deer (Dama dama), 9.4% (n=15) European red deer (Cervus elaphus), 6.3% (n=10) sika deer (Cervus nippon) and 1.8% (n=3) elk.
Laboratory investigations
Four-micrometre-thick sections of paraffin-embedded tissue were stained with haematoxylin-eosin and examined by light microscopy. Additionally, sections of the medulla oblongata at the level of the obex, lymph nodes and tonsils were stained by immunohistochemistry (IHC) to detect PrP CWD . The monoclonal antibody F99/97.6.1 (VMRD, Pullman, WA) was used according to the manufacturer's suggestions. Slides were deparaffinised, and the tissue was pre-treated by denaturation in formic acid (98%) for 30 min, followed by autoclaving in citrate buffer at 121°C for 20 min. The sections were then incubated with F99/97.6.1 (at a dilution of 1:250) for 30 min at 37°C. The visualisation was performed using a streptavidin-biotin kit (Dako ChemMate K5003, Dako, Denmark). As a positive control, we used sections of the brainstem of an American CWD case.
Epidemiological calculations
The evaluation of sample size for detection of disease in a population was performed according to Cannon and Roe (1982) with the computer program WinEpiscope 2.0. To estimate the maximal number of positive animals in the study population given that all samples showed negative results, we used the sample size (160 deer heads) and population size. In 2005, the Swiss captive deer population was estimated to be 9,400 animals, including roughly 5,200 deer older than 2 years (Sieber 2006) .
Results
There was no macroscopic lesion in any of the brains, except for one case exhibiting suppurative meningitis. Histologically, 69% (n=110) of the brains were normal, whereas 6% (n=10) revealed changes that were classified as insignificant and Fig. 1 Map of Switzerland (main lakes depicted in grey), divided into six geographical areas. The numbers (X/Y) in each area indicate the total of deer farms that sent heads of dead animals for neurological analysis (X) and the total of registered deer farms located in the area (Y). The percentage of participation is indicated in parentheses were mostly old age changes, such as perivascular calcification or fibrosis of the plexus chorioideus. Lesions observed in the remaining 25% (n=40) of the deer were considered significant and divided into inflammatory (3%, n=5) and degenerative lesions (22%, n=35). Inflammatory changes were mild multifocal lymphocytic encephalitis and/or meningitis (2%, n=3). One animal exhibited diffuse moderate suppurative meningitis, and another had a focal necrotizing meningoencephalitis (infection with Fusobacterium necrophorum). In 35 animals (22%, 2 to 15 years old, slaughtered or diseased deer), mild to severe vacuolation of the white matter was observed (Fig. 2) . Multifocal vacuolation was present in the optic tract, crus cerebri and thalamus or diffusely in the white matter. None of these animals showed any neurological symptoms.
None of the 160 examined animals, including 15 deer with clinical symptoms suggestive of CWD such as weight loss, progressive weakness, trembling and locomotional problems, exhibited any histological changes suspicious for CWD (Spraker et al. 2002a; Williams and Young 1993) . IHC for PrP CWD was consistently negative, both in the obex region and in lymphoid tissues. A maximal possible CWD prevalence of 1.83 (95% level of confidence [LC]) or 2.80% (99% LC) was estimated for the considered population.
Discussion
To our knowledge, this is the first published CWD survey based on histopathological examination of the whole brain in a European population of farmed deer. CWD could not be demonstrated in any of the 160 animals examined in this study. Detection of accumulated PrP CWD in the brain and lymphoid tissues is considered to be the method of choice to diagnose CWD . The monoclonal antibody we applied (F99/97.6.1) is widely used and has been validated for the mule deer in North America (Spraker et al. 2002b ).
Composition of the study material was representative for the adult Swissfarmed deer population. Sample size should have been large enough for disease detection in case of an overall prevalence of greater than or equal to 1.8% (95% LC). Thus, this study does not definitively exclude the presence of CWD in the captive deer population in Switzerland but indicates that if it is present, prevalence is low. Reported CWD prevalences in infected herds or populations from North America are highly variable. Prevalences from less than 1% up to greater than 50% have been reported in infected captive herds (Kahn et al. 2004; Miller and Williams 2004; Williams and Miller 2002) . In free-ranging wildlife, prevalence of preclinical CWD, based on histopathology and/or IHC, has been estimated at 1-15% within endemic areas . The present study included mostly few deer from numerous distinct farms and was performed at animal level. Therefore, the obtained results allow the exclusion of a frequent CWD occurrence in the Swissfarmed deer population but not the infection of single herds.
For an expected overall prevalence of less than 1%, more than 300 samples would have been necessary for disease detection. Although lots of efforts have been made to motivate deer breeders to participate in the study, this sample size could not be achieved, and a study at herd level was not realisable. Difficulties to obtain samples were probably due to the small herd sizes of Swiss deer farms (Sieber 2006) , to the fact that it is not usual to slaughter adult deer and that participation was not compulsory.
The present survey comprised not only CWD but neurological diseases in general. It is interesting to note that 22% of the examined brains presented multifocal vacuolation of the white matter. This spongiosis was particularly severe in the optic tract. Spongy degeneration of the white matter can be seen in toxic or metabolic disorders, usually as a bilateral-symmetrical change (Summers et al. 1995a) , and frequently in association with lesions in other organs. Whereas white matter vacuolation (spongiosis) is a common age-associated lesion reported in animals, it is usually associated with other histological changes, such as gliosis and accumulation of ceroid/ lipofuscin (Summers et al. 1995b ), which were not observed in our cases. Incidental vacuolation of the white matter has been reported in more than 25% of examined brains from symptomless cattle (Gavier-Widen et al. 2001) . As there was no correlation between the presence and degree of vacuolation and the age, symptoms observed (in particular, there was no report of a visual deficit) and other pathological changes in the examined deer in our study, the vacuolation ought to be considered as incidental. However, it would be interesting to pursue further investigations, Fig. 2 Severe vacuolation in the optic tract of a symptomless 5-yearold deer (haematoxylin and eosin, 10×) mostly to exclude any occurrence of a sub-clinical intoxication in Swissfarmed deer.
We conclude that major neurological diseases, including CWD or other TSEs, are uncommon or possibly even absent in the Swissfarmed deer population. Nevertheless, it is advisable to further monitor the health status of captive cervids in Switzerland and to keep a high level of disease awareness among deer breeders and veterinarians.
